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(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problem that 
an inspectibn time required for scan test increases when 
a circuit scale of an LSI is increased. 
SOLUTION: The number of scan chains is increased by 
n-times the number of input/output terminals by 
employing terminals of a high speed operation capacity 
as the input/output terminals for scanning, serial- 
inputting input information to a plurality of the scan 
chains from one input terminal, dividing and outputting 
the information for each of the chains in a circuit of the 
LSI and executing parallel-serial conversion of outputs 
of the chains and outputting a result of the conversion 
to one output terminal. 
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SEMICONDUCTOR DEVICE 

[Claim(s)] 
[Claim 1] 

The semiconductor device equipped with the serial parallel conversion circuit which 
changes into a parallel signal the clock signal inputted through one input terminal, the 
sequential circuit where the signal which has two or more scanning PALs and is 
outputted from said serial parallel conversion circuit is inputted, the parallel serial 
conversion circuit which change into a serial signal the parallel signal outputted from 
said sequential circuit, and the PLL circuit which generate the clock which controls an 
exchange of the data between these circuits in which a scanning test is possible. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the scanning test circuit of a semi-conductor product. 
[0002] 

[Description of the Prior Art] 

The circuit magnitude inside LSI is also becoming very large, and, generally the 
scanning test is used as a test circuit for inspecting it as high integration of LSI 
progresses in recent years. However, buildup of circuit magnitude has been inspecting 
the circuit which increases by lengthening the die length of a scanning chain, or making 
the terminal for a scanning test increase, and increasing the number of a scanning test 
chain. 
[0003] 

The example of the conventional technique is shown in drawing 2 . Setting to drawing 2 , 
the sequential circuit of the subject of examination [ 15 ] inside LSI and 10 are the 
circuits connected with one scanning chain 11 in a sequential circuit 15. 12 is an input 
terminal for scanning data inputs. 13 is the output terminal of scanning data. 14 is a 
clock input terminal for a scanning test. Synchronizing with the clock inputted into the 
clock terminal of 14, the scanning data to each scanning chain are inputted into the 
input terminal of 12, this data is outputted from the output terminal of 13 through a 
scanning chain, and a sequential circuit 15 is examined by carrying out the compare 
check of the output data. 
[0004] 

[Problem(s) to be Solved by the Invention] 

For shortening inspection time amount in a Prior art, 
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(1) Or [ making the frequency of the scanning chain itself which can be operated 
improve accelerating the frequency to inspect, and aiming at compaction of inspection 
time amount ], 

(2) The number of Philip FUROPPU connected with a scanning chain in the increase of 
an input/output terminal or carrying out and increasing the number of a scanning chain 
for a scan was reduced, and compaction of inspection time amount was in drawing. 
[0005] 

However, in the case of large-scale LSI, it is especially with these approaches, 

(A) Or [ cures, such as a layout, circuit modification, etc. for improving the clock 
frequency to a scanning chain and enabling it to inspect at high speed at the time of the 
layout design of LSI, take huge time amount ] 

(B) Test terminals required for scanning chains increased in number, by LSI of a a small 
number of terminal, the limitation was in the number of a scanning chain and there was 
which problem with difficult compaction of inspection time amount. 

[0006] 

[Means for Solving the Problem] 

In this invention, the number of a scanning chain is increased n times of the number of 
an input/output terminal by carrying out parallel serial conversion of the output of two 
or more scanning chains, and outputting to one output terminal, after carrying out the 
serial input of the input to the input/output terminal for a scan from one input terminal 
to two or more scanning chains using the terminal in which high speed operation is 
possible and carrying out a division input in the circuit inside LSI at each scanning 
chain. 
[0007] 

By this configuration, the terminal inputted and outputted to a scanning chain from the 

exterior of LSI can be set to 1/n of the number of a scanning chain. 

[0008] 

Moreover, since the number of a scanning chain is easily increased without making the 
input/output terminal used for a scanning test increase, inspection time amount can be 
shortened by reducing the number of flip-flops of each scanning chain, and shortening 
the die length of a scanning chain. 
[0009] 

[Embodiment of the Invention] 

Hereafter, the gestalt of operation of this invention is explained. 
[0010] 

Drawing 1 is the block diagram showing the configuration of the semiconductor device 
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which has a scanning chain in the gestalt of 1 operation of this invention. 
[0011] 

Setting to drawing 1 , the sequential circuit of the subject of examination [ 1 ] inside LSI 
and 9 are the circuits connected with one scanning chain 2 in the interior of a sequential 
circuit 1. 3 is an input terminal for scanning data inputs. 4 is an output terminal for 
scanning data output. 5 is a clock input terminal for a scanning test. The PLL circuit 
which generates the clock which 6 generated the clock of the same frequency which 
synchronized with the clocked into of the clock input terminal 5, and carried out 
dividing of the generated clock, the circuit where 7 changes into n parallel signals the 
scanning data with which the serial input of the input terminal 3 was carried out, and 8 
are parallel serial conversion circuits which change into serial data the parallel data 
outputted from n scanning chains. The input clock and b into which a is inputted 
through the clock terminal 5 from the semiconductor device exterior are the clock for 
phase control of the PLL circuit 6. c is a clock for parallel serial conversions which is a 
clock input-clock a and whose phase suited, and is supplied to the parallel serial 
conversion circuit 8 by the PLL circuit 6. d is an output clock outputted from the PLL 
circuit 6 to scanning chains. 
[0012] 

The clock b for phase control is a clock inputted into the flip-flop 9 for a scan, and the 
PLL circuit 6 operates so that input-clock a and a phase may be made in agreement. 
However, since the output clock d and the clock b for phase control are tied by the clock 
buffer for clock trees for arranging the phase of each clock inputted into wiring and each 
flip-flop 9 for a scan, the phase of a clock has shifted mutually, e is generated by the PLL 
circuit 6, it is the clock for clock serial parallel conversion inputted into the serial 
parallel converter 7, and input-clock a and its phase suit. 
[0013] 

rl to the scanning data into which f was inputted from the input terminal 3, the 
scanning output data with which g is outputted through an output terminal 4 from the 
parallel serial conversion machine 8, the scanning data by which h i to h n is inputted 
into each scanning chain 2, and i-n are scanning output signals outputted from each 
scanning chain of 2-1 to 2~n. 
[0014] 

Synchronizing with input-clock a inputted into the clock terminal 5, the serial data f 
distributed to the scanning chain of n duty is inputted into an input terminal 3. 
Moreover, the PLL circuit 6 generates the clock e for serial parallel conversion which is 
a clock of the same frequency which carried out phase control so that the edge and 
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phase of input-clock a as which the clock edge of the clock b for phase control inputted 
into the flip-flop 9 for a scan contained in the scanning chain 2 was inputted from the 
clock terminal 5 might be made the same. The data latch of the data f inputted from the 
input terminal 3 is easily attained by the serial parallel transducer 7 by using this clock 
e for serial parallel conversion for the serial parallel transducer 7. The serial data f 
latched in the serial parallel transducer 7 is changed into h n from parallel data h-1. 
Next, h-n is inputted into 2-n from each scanning chain 2-1 of 2 from this scanning data 
h-1. With the scanning chain 2, the clock d (dividing is carried out to 1/n of input-clock 
a) generated in the PLL circuit 6 is inputted, and this clock d passes the buffer for clock 
trees, and is inputted into the clock terminal of each flip-flop for a scan as a clock b. The 
latch of data enables it for each flip-flop 9 for a scan to perform easily by controlling by 
the PLL circuit 6 so that the phase of this clock b and Clock a is in agreement. Then, i-n 
is changed into serial data g from the data M outputted from each scanning chain 2 
with the parallel serial conversion vessel 8. By using the clock of the flip -flop for a scan 
generated also with the parallel serial conversion vessel 8 in the PLL circuit 6, and the 
clock c with which the phase was doubled, scanning data can be latched easily. Scanning 
output-data g serial data ized in the parallel serial conversion machine 8 is outputted 
from an output terminal 4. This is enabled to output a scanning output for the data from 
the data input from one input terminal for a scan to n scanning chains, and n scanning 
chains to one output terminal. Although this explanation explained the time of the 
number of a serial input and serial outputs being one, respectively, by making a serial 
input 3 into two or more, and making a serial output 4 into two or more, the number of 
the flip-flop of each scanning chain can be lessened by increasing the number of a 
scanning chain, and it is possible to shorten inspection time amount further. 
[0015] 

Moreover, the number of a serial input terminal and a serial output terminal does not 
need to be the same, and the clock frequency capacity of a comparator is able to make 
the configuration which can also inspect a low circuit tester from increasing the number 
of serial output terminals according to the capacity of the circuit tester which inspects. 
[0016] 

[Effect of the Invention] 

By the configuration of this invention, scanning inspection can be performed at a high 
speed by few input/output terminals. Moreover, by the method of this invention, the 
time amount which the cure of the clock frequency improvement at the time of the 
scanning test to a scanning chain takes at the time of a layout design can be suppressed. 
[Brief Description of the Drawings] 
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fDrawing l] The block diagram showing the configuration of the semiconductor device 
in the gestalt of 1 operation of this invention 

[Drawing 2] The block diagram showing the configuration of the semiconductor device 
of the conventional example 
[Description of Notations] 

1 Sequential Circuit 

2 Scanning Chain 

3 Input Terminal 

4 Output Terminal 

5 Clock Terminal 

6 Clock Multiplier (PLL) 

7 Serial Parallel Converter 

8 Parallel Serial Conversion Machine 

9 Flip-flop for Scan 

10 Flip-flop for Scan 

11 Scanning Chain 

12 Input Terminal 

13 Output Terminal 

14 Clock Terminal 

15 Sequential Circuit 



[Translation done.] 



